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(54) FUEL CELL AND METHOD OF MANUFACTURE THEREOF 



(57) The specification discloses a fuel cell compris- 
ing stacked unit cells, each of the unit cells including a 
pair of electrodes having a catalytic reaction layer and 
a gas diffusion layer, an electrolyte layer disposed be- 
tween the pair of electrodes, a separator having a flow 
path for supplying a fuel gas to one electrode and a sep- 
arator having a flow path for supplying an oxidant gas 
to the other electrode, the separators being placed on 
the outer side of the electrodes and the unit cells being 
stacked with the separators placed therebetween, 
wherein at least the catalytic reaction layer, the gas dif- 
fusion layer or the flow path has water- repelling proper- 
ties. Thereby, a fuel cell having a superior cell perform- 
ance is obtained. 
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Description 

Technical Field 

[0001] The present invention relates to a fuel cell for 
operation at normal temperature, which is used in port- 
able power sources, power sources of distribution type, 
power sources for electric vehicles, power source sys- 
tems for home and cogeneration systems and the like. 

Background Art 

[0002] A fuel cell provides electricity and heat at the 
same time by electrochemically reacting a fuel gas such 
as hydrogen with an oxidant gas such as air in catalytic 
layers of electrodes. As an electrolyte for disposing be- 
tween the electrodes, SiC matrix material impregnated 
with phosphoric acid is used in a phosphoric type fuel 
cell. In a polymer electrolyte fuel cell, perfluorocarbon 
sulfonic acid membrane is used. On both surfaces of the 
electrolyte, catalytic reaction layers (hereinafter simply 
referred to as "catalytic layers") of the electrodes, which 
are mainly composed of a carbon powder with a plati- 
num type metallic catalyst carried thereon, are formed 
in close adhesion. Further, on the outer surfaces of the 
catalytic reaction layers, a pair of electrode base mate- 
rials having gas permeability and electrical conductivity 
are placed in close adhesion. These base materials and 
the catalytic layers constitute the electrodes. This as- 
sembly of the electrodes and the electrolyte is called 
membrane electrode assembly (MEA). Moreover, on 
the outside of the electrodes, electrically conductive 
separator plates for mechanically fixing the MEAs and 
electrically connecting in series adjacent MEAs with 
each other are placed. 

[0003] Generally, carbon fiber is used for the elec- 
trode base material and carbon is used forthe separator 
plate. In the portion where the separator plate is in con- 
tact with the electrode, a gas flow path for supplying a 
reaction gas to the electrode surface and for exhausting 
a generated gas and an excess gas is formed. 
[0004] At the electrode into which hydrogen is sup- 
plied, hydrogen, which is supplied from the gas flow path 
to the catalytic layer through the electrode base materi- 
al, is oxidized and transformed into a hydrogen ion to 
come into the phosphoric acid solution. On the other 
electrode in which air is supplied, oxygen is reacted with 
a hydrogen ion in the phosphoric acid solution to gen- 
erate water. As a result, an electron flows from the hy- 
drogen side electrode to the air side electrode through 
the outer circuit to generate electric power. Accordingly, 
it is necessary to secure a route for supplying reaction 
gases such as hydrogen and air to respective catalytic 
layers and for removing drain gases such as water va- 
por. 

[0005] In a solid polymer electrolyte fuel cell, for ex- 
ample, reaction gases are supplied after moistened in 
order to maintain the water-containing state of the pol- 



ymer electrolyte membrane to saturation. Meanwhile, a 
reaction-generated water generates along with the elec- 
tric generation reaction, and the reaction-generated wa- 
ter is added to the reaction gases supplied after mois- 

5 tened. As a result, the concentration of the reaction gas- 
es lowers with water vapor and, therefore, it is neces- 
sary to supply a large quantity of gases to the reaction 
sites on the electrodes and inside the catalytic layers in 
order to realize a high output. 

10 [0006] For such a reason, water-repelling treatment 
has conventionally been carried out by applying a water- 
repelling agent such as a fluoric polymer, e.g. poly- 
tetrafluoroethylene on the catalytic layers, the electrode 
base materials, and the surfaces of the gas flow paths 

15 on the separator plates. It is considered that such water- 
repelling agent has a role of preventing the phosphoric 
acid solution impregnated in SiC matrix from leaking 
outside the cell. 

[0007] The water-repelling agent such as a fluoric pol- 
20 ymer has conventionally been applied to a predeter- 
mined portion in the following manner. For example, a 
colloidal dispersion of a fluoric polymer is impregnated 
and applied to the carbon fiber papers and the gas flow 
paths on the separators and, then, the solvent is re- 
25 moved by drying. Subsequently, by the thermal treat- 
ment at 350 to 450°C, the fluoric polymer is adhered 
and fixed to the carbon fibers and the gas flow paths on 
the separators. 

[0008] As forthe catalytic layers, a mixture of acarbon 
30 powder to which a water-repelling agent of a fluoric pol- 
ymer had been adhered and fixed beforehand and a 
platinum-carrying carbon powder has been used for 
forming the catalytic layers. As the above-mentioned 
fluoric polymer, in addition to PTFE, fluoric polymers 
35 modified with a variety of substituent groups such as 
perfluoromethyl group to change properties such as the 
glass transition point. 

[0009] Furthermore, there is a solid polymer electro- 
lyte fuel cell as a solution type fuel cell in addition to the 

40 phosphoric acid type fuel cell, and a water-repelling 
agent is applicable to the catalytic layers and the elec- 
trode base materials therein in the same manner. 
[001 0] However, fluoric polymers such as PTFE have 
a contact angle to water of 110° or smaller, and thus 

^5 have insufficient water-repelling properties. For exam- 
ple, when the output takes place at a high current den- 
sity thereby to generate a large quantity of water, or 
when the gas flow amount is made small, the removal 
of generated water or condensed water is difficult de- 

50 pending on the operation conditions of the cell, which 
leads to deterioration in the cell performance. Further, 
such fluoric polymers exhibit insufficient adhesion to a 
carbon material, and there has been a problem that the 
fluoric polymers flow out and the water-repelling prop- 

55 erties gradually decrease during long-term operations. 
[001 1 ] For this reason , in order to achieve a cell hav- 
ing a higher performance, it is desirable to use a water- 
repelling agent having a greater contact angle to water 
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and high water-repelling properties. Further, in order to 
efficiently apply the water-repelling agent to a surface 
to be treated, a colloidal dispersion of the water-repel- 
ling agent needs to be thermally treated at a high tem- 
perature of 350°C or higher after being applied and 
dried. However, according to this method, it is necessary 
to use a water-repelling agent having a high heat resist- 
ance. 

[0012] On the other hand, for the water-repel ling treat- 
ment of a material having a low heat resistance, it is nec- 
essary to use a colloidal dispersion of a water- repel ling 
agent in the applied and dried state. However, since the 
water-repelling agent is not adhered and fixed onto the 
surface to be treated, there is a possibility that the water- 
repelling agent comes off to cause deterioration in the 
water-repelling properties after long-time operations of 
the cell. Moreover, in such a method, it is difficult to give 
water-repelling treatment only to the portions intended 
to be treated, for example, to treat only one surface of 
the electrode base material. 

Disclosure of Invention 

[0013] In order to solve the problems as described 
above, in a fuel cell obtained by laminating unit ceils, 
each of the unit cells including a pair of electrodes hav- 
ing a catalytic layer and a gas diffusion layer, an elec- 
trolyte layer disposed between the pair of electrodes, a 
separator having a flow path for supplying a fuel gas to 
one of the electrodes and a separator having a flow path 
for supplying an oxidant gas to the other electrode, 
wherein the separators are placed on the outside of the 
electrodes and the unit cells are stacked with the sepa- 
rators placed between each thereof, 

the present invention provides at least the catalyt- 
ic layer, the gas diffusion layer or the supply path surface 
is provided with water-repelling property. 
[001 4] It is possible to give water-repelling property to 
the catalytic layer, the gas diffusion layer or the flow path 
surface by using a water-repelling agent containing a 
silane compound having a hydrophobic group and a 
functional group, or a water-repelling agent comprising 
a non-polymeric compound containing a fluorine atom 
and a carbon atom to carry out the water-repelling treat- 
ment. 

[001 5] Such silane compound has preferably a hydro- 
phobic group and a functional group, and has preferably 
at least either one of a hydrocarbon chain and a fluoro- 
carbon chain on at least either one of the principal chain 
and the side chain of the hydrophobic group. 
[0016] The silane compound is preferably a com- 
pound represented by the formula: 

CF 3 -(CF 2 ) 7 -(CH 2 ) 2 -Si(OCH 3 ) 3 . 

[0017] Further, as the water- repelling agent compris- 
ing a non-polymeric compound containing a fluorine at- 



4 

om and a carbon atom, it is preferable to use a water- 
repelling agent comprising a fluorinated pitch and a sol- 
vent. 

[001 8] The pitch has preferably an average molecular 
5 weight of 500 to 1 0000, and the ratio of fluorine atom to 
carbon atom (F/C) contained in the pitch is preferably 
from 1.25 to 1.65. 

[0019] Moreover, the ratio of the fluorine atom to the 
hydrogen atom (F/H) is preferably 9 or over, and thecon- 
10 tact angle of the fluorinated pitch to water is preferably 
130° or greater. 

[0020] Furthermore, the fluorinated pitch may be syn- 
thesized by fluorinating directly a carbon type pitch or 
an oil type pitch. 

15 [0021 ] On the other hand, the electrolyte layer prefer- 
ably comprises a solid polymer membrane. 
[0022] Moreover, the present invention also relates to 
a method for producing a fuel cell comprising stacked 
unit cells, each of the unit cells including a pair of elec- 

20 trodes having a catalytic layer and a gas diffusion layer, 
an electrolyte layer disposed between the pair of elec- 
trodes, a separator having a flow path for supplying a 
fuel gas to one electrode and a separator having a flow 
path for supplying an oxidant gas to the other electrode, 

25 the separators being placed on the outside of the elec- 
trodes and the unit cells being stacked with the separa- 
tors placed therebetween, 

the method comprising the steps of (a) applying a 
water-repelling agent comprising a silane compound 

30 and a solvent or a water-repelling agent comprising a 
fluorinated pitch and a solvent to at least a material, 
which constitutes the catalyst layer, the gas diffusion 
layer or the flow path surface, and (b) drying and remov- 
ing the solvent to make the silane compound orthe fluor- 

35 inated pitch adhered and fixed. 

[0023] Still further, the present invention relates to a 
method for the production of a fuel cell comprising 
stacked unit cells, each of the unit cells including a pair 
of electrodes having a catalytic layer and a gas diffusion 

40 layer, an electrolyte layer disposed between the pair of 
electrodes, a separator having a flow path for supplying 
a fuel gas to one electrode and a separator having a 
flow path for supplying an oxidant gas to the other elec- 
trode, the separators being placed on the outside of the 

45 electrodes and the unit cells being stacked with the sep- 
arators placed between each thereof, 

said method comprising a step of vapor-deposit- 
ing the fluorinated pitch onto at least a material, which 
constitutes the catalytic layer, gas diffusion layer orthe 

so flow path surface. 

[0024] In this case, it is effective to comprise a step of 
vapor-depositing a fluorinated pitch to the interface be- 
tween the catalytic layer and the gas diffusion layer. 

55 Brief Description of Drawings 

[0025] FIG. 1 is a schematic cross-sectional view 
showing the configuration of a unit cell of a fuel cell pre- 
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pared in Example 1 . 

[0026] FIG. 2 is a schematic cross-sectional view 
showing a fuel cell prepared in Example 1 . 
[0027] FIG. 3 is a graph showing the current-voltage 
characteristics of fuel cells obtained in Example 1 and 
2, and Comparative Example 1 . 
[0028] FIG. 4 is a graph showing variances with time 
in the average cell voltage of fuel cells obtained in Ex- 
ample 1 and Comparative Example 1 . 
[0029] FIG. 5 is a schematic cross-sectional view 
showing the configuration of a unit cell of a fuel cell pre- 
pared in Example 3. 

[0030] FIG. 6 is a schematic view showing the config- 
uration of a catalytic layer of an electrode of a fuel cell 
prepared in Example 3. 

[0031] FIG. 7 is a graph showing initial performances 
of a fuel cell prepared in Example 3 and a conventional 
cell. 

[0032] FIG. 8 is a graph showing performances of a 
solid polymer electrolyte fuel cell prepared in Example 

4 and a conventional cell. 

[0033] FIG. 9 is a graph showing performances of a 
solid polymer electrolyte fuel cell prepared in Example 

5 and a conventional cell. 

Best Mode for Carrying Out the Invention 

[0034] The present invention provides a fuel cell com- 
prising stacked unit cells, each of the unit cells including 
a pair of electrodes having a catalytic reaction layer and 
a gas diffusion layer, an electrolyte layer disposed be- 
tween the pair of electrodes, a separator having a flow 
path for supplying a fuel gas to one electrode and a sep- 
arator having a flow path for supplying an oxidant gas 
to the other electrode, the separators being placed on 
the outside of the electrodes and the unit cells being 
stacked with the separators placed between each there- 
of, wherein water-repelling property is given to at least 
the catalytic layer, the gas diffusion layer or the flow path 
surface. It is effective, of course, to give water-repelling 
property to two or more of the catalytic layer, the gas 
diffusion layer and the flow path surface, or to all of them. 
[0035] Accordingly, the present invention intends to 
improve the performance of the fuel cell by using, in- 
stead of the conventionally used fluoric polymer, a silane 
compound having a greater contact angle, or a non-pol- 
ymeric compound containing a fluorine atom and a car- 
bon atom such as fiuorinated graphite and a higher cy- 
clic hydrocarbon fluoride. 

[0036] As those which can give water-repelling prop- 
erty to the catalytic layer, the gas diffusion layer or the 
flow path surface, there can be mentioned water-repel- 
ling agents containing a silane compound having a hy- 
drophobic group and a functional group, or water-repel- 
ling agents containing a compound having a fluorine at- 
om and a carbon atom. By applying these water-repel- 
ling agents by means of impregnation, application or va- 
por-deposition, excellent water-repelling property is giv- 



en to the catalytic layer, the gas diffusion layer, or the 
flow path surface. 

[0037] In first, water- re pel ling agents containing a si- 
lane compound having a hydrophobic group and a func- 

5 tional group will be described. 

[0038] The silane compound mentioned here has a 
hydrophobic group and a functional group, and it bounds 
chemically at the functional group moiety when applied 
to the catalytic layer, the gas diffusion layer or the flow 

10 path surface. Then it exerts water-repelling property by 
the hydrophobic moiety. 

[0039] As the functional group, there is no special re- 
striction as long as those which can chemically bound 
to a material, which constitutes the catalytic layers, the 
15 gas diffusion layers or the flow path surface, and there 
can be mentioned, for example, methoxy group, ethoxy 
goup, propoxy group, butoxy group and the like. Partic- 
ularly, the methoxy group is preferable from the view- 
point that it is superior in the reactivity. 
20 [0040] In particular, considering the case in which the 
functional group has hydrophilicity, the hydrophobic 
group preferably contains at least one of a hydrocarbon 
chain and a fluorocarbon chain on at least either one of 
the principal chain and the side chain thereof. 
25 [0041] Specifically, as the silane compound, it is pref- 
erable to use a compound represented by the formula: 

CF 3 -(CF 2 ) 7 -(CH 2 ) 2 -Si(OCH 3 ) 3 . 

30 

[0042] As a method for applying the silane compound 
to the catalytic layer, the gas diffusion layer or the flow 
path surface by water-repelling treatment, in the case in 
which a gas diffusion layer comprising carbon paper or 

35 the like is employed, for example, a hydroxyl group con- 
taining an active hydrogen may be introduced to the gas 
diffusion layer by a plasma treatment to make the hy- 
droxyl group chemically bound to the functional group. 
[0043] Next, the other water-repelling agents which 

<to contain a non-polymeric compound having a fluorine at- 
om and a carbon atom will be described. 
[0044] The non-polymeric compound mentioned here 
chemically bounds to the catalytic layer, the gas diffu- 
sion layer or the flow path surface at the fluorine atom 

4 5 moiety, which serves as a functional group. Accordingly, 
a higher cyclic hydrocarbon fluoride may also be used 
in addition to the fiuorinated graphite. 
[0045] Above all, a fiuorinated pitch containing a high- 
er cyclic hydrocarbon fluoride is preferable because it 

so dissolves well in a fluoric solvent such as perfiuoroben- 
zene, and it adheres and fixes to a material to be treated 
only by application and drying, and further it does not 
easily come off by the gas flow. 
[0046] Moreover, since the fiuorinated pitch has a mo- 

55 lecular weight of several thousands, which is much less 
than that of a polymer, and since it is in the form of a 
mass, not like a polymer in the form of a thread, it can 
be turned into a gas with an increased temperature. As 
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a result, by vapor-deposition, only a portion desired to 
be treated, for example only one surface of the diffusion 
layer of the electrode, can be subjected to water-repel- 
ling treatment, and thereby the performance of the fuel 
ceil can be improved. 

[0047] Herein, the pitch generally contains higher cy- 
clic hydrocarbons such as fluoranslene (C 15 H 16 ), 
pyrene (C 10 H 10 ) and chrysene (C 18 H 12 ). 
[0048] On the contrary thereto, as the f luorinated pitch 
used in the present invention, an oil type pitch may be 
used as it is depending on the kind thereof. Further, the 
fluorinated pitch may be obtained by directly fluorinating 
an oil type pitch. 

[0049] Such direct fluorination may be carried out by 
blowing in fluoric gas while heating the oil type pitch. 
[0050] As the oil type pitch, it is preferable to use a 
pitch containing a compound having a plane structure 
in which the carbon skeleton has 6 ring members and 
the 6 ring members are stacked. 
[0051 ] The average molecular weight of the fluorinat- 
ed pitch is preferably 500 to 10000. 
[0052] Further, the ratio of fluorine atom to carbon at- 
om (F/C) contained in the fluorinated pitch is particularly 
preferable from 1 .25 to 1 .65. 

[0053] Moreover, the ratio of fluorine atom to hydro- 
gen atom (F/H) contained in the fluorinated pitch is pref- 
erably 9 or over. 

[0054] Still further, the contact angle to water of the 
fluorinated pitch is preferably 130 or greater because a 
sufficient water-repelling property should be given. 
[0055] As a method for applying a non-polymeric 
compound containing afluorine atom and a carbon atom 
to the catalytic layer, the gas diffusion layer or the flow 
path surface by water-repelling treatment, in the case in 
which a gas diffusion layer comprising carbon paper is 
employed, for example, a water-repelling agent contain- 
ing a non-polymeric compound having a fluorine atom 
and a carbon atom and a solvent may be impregnated 
into a material, which constitutes the gas diffusion layer, 
and dried to have a chemical bond at the fluorine atom 
moiety. 

[0056] Furthermore, in the fuel cell of the present in- 
vention, a solid polymer membrane can be used as the 
electrolyte layer. That is, the present invention also re- 
lates to a solid polymer electrolyte fuel cell. 
[0057] In addition, the present invention provides a 
method for producing a fuel cell comprising the steps of: 
(a) applying a water-repelling agent comprising a silane 
compound and a solvent, or a water-repelling agent 
comprising a fluorinated pitch and a solvent to at least 
a material, which constitutes the catalytic layer, the gas 
diffusion layer or the flow path surface; and (b) adhering 
and fixing the silane compound or the fluorinated pitch 
by drying and removing the solvent. 
[0058] As specific conditions in the step (a) and the 
step (b), a conventionally known method may be fol- 
lowed except for the previously described conditions. 
[0059] Further, the present invention relates to the 



method for producing a fuel cell as described above, fur- 
ther comprising a step of vapor-depositing a fluorinated 
pitch onto at least a material, which constitutes the cat- 
alytic layer, gas diffusion layer or the flow path surface. 
5 [0060] In this case, a step of vapor-depositing the 
fluorinated pitch to the interface between the catalytic 
layer and the gas diffusion layer may be included. With 
this measure, the water-repelling property may be fur- 
ther improved. 

10 [0061] Herein, technical matters other than the char- 
acteristic of the present invention as described on the 
foregoing may be similar to those of the conventional 
fuel cell. 

[0062] The present invention will be described more 
15 specifically with reference to examples below, but the 
present invention should not be limited thereto. 

Examples 



[0063] FIG. 1 is a schematic cross-sectional view 
showing the configuration of a unit cell of a fuel cell em- 
ployed in this example. 

25 [0064] Acetylene black type carbon powder was 
made to carry 25% by weight of platinum particles hav- 
ing an average particle diameter of about 30 A, which 
served as a catalyst of the electrodes. A dispersion was 
prepared by dispersing this catalyst powder into isopro- 

30 panol, which was then mixed with a dispersion prepared 
by dispersing a powder of pert luorocarbon sulfonate into 
ethyl alcohol, thereby obtaining a paste. 
[0065] Next, a non-woven carbon fabric serving as an 
electrode base material having a catalytic layer and a 

35 diffusion layer was subjected to water-repelling treat- 
ment using a silane compound. For the water-repelling 
treatment, after a non-woven carbon fabric having a 
thickness of 400 jim was subjected to the plasma treat- 
ment at 300 W for 5 minutes in first, a hydroxyl group 

40 containing an active hydrogen was given to the non-wo- 
ven carbon fabric. Next, 5% by weight of CF 3 (CF 2 ) 7 
(CHg^SKOCHg^methanol solution was prepared, and 
the non-woven carbon fabric subjected to the above sur- 
face treatment was impregnated therewith. After dried 

45 at room temperature for 1 hour, the non-woven carbon 
fabric was sintered at 100°C for 15 minutes, thereby a 
water-repelling layer comprising CF 3 (CF 2 ) 7 (CH 2 ) 2 Si 
(OCH 3 ) 3 having a covalent bond with a siloxane bond 
was formed on the surface of the non-woven carbon fab- 

50 ric. 

[0066] As a comparative example to Example 1 , a 
non-woven carbon fabric subjected to the water-repel- 
ling treatment with PTFE was prepared. Specifically, the 
above-mentioned carbon paper was impregnated with 
55 an aqueous dispersion of polytetrafluoroethylene, then 
dried and thermally treated at 400°C for 30 minutes to 
give water-repelling property to the carbon paper. 
[0067] Two pieces of non-woven carbon fabric sub- 
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jected to the water-repelling treatment as above were 
prepared, and a catalytic layer 2 was formed on one sur- 
face of each non-woven fabric by a screen printing 
method using the previously-mentioned paste as a raw 
material. The amount of the platinum and the perfluor- 5 
ocarbon sulfonate were adjusted to 0.5 mg/cm 2 and 1 .2 
mg/cm 2 , respectively. 

[0068] The two pieces of non-woven carbon fabric 
electrode 5 were directed and stacked so that the re- 
spective catalytic layer 2 came inside, while they were 
made to sandwich a polymer electrolyte membrane 1 
comprising a perfluorocarbon sulfonic acid resin having 
a thickness of 50 urn is disposed therebetween, and 
then dried. 

[0069] Herein, the non-woven carbon fabric elec- 
trodes 5 have a length and the width of both 1 0 cm, and 
they were placed in the center of the polymer electrolyte 
membrane 1 having a length and a width of both 1 2 cm. 
[0070] In an assembly of the non-woven carbon fabric 
electrodes 5 and the polymer electrolyte membrane 1 , 
it was confirmed that the polymer electrolyte membrane 

1 and the non-woven carbon fabric electrodes 5 were 
combined by the catalytic layer composed of the plati- 
num-carrying carbon powder and the polymer electro- 
lyte membrane 1 . 

[0071] The assembly of the non-woven carbon fabric 
electrodes 5 and the polymer electrolyte membrane 1 
were made to be sandwiched on the both surfaces by 
separators 4, which were made of carbon and impreg- 
nated with a phenolic resin to suppress gas permeabil- 
ity, thereby a unit cell was obtained. The separators 4 
have a thickness of 4 mm, and on the surface thereof, 
numerous gas flow paths 3 having a width and a depth 
of both 1 mm were provided by carving in one direction 
by the machine tool cutting. 

[0072] Herein, in order to electrically insulate the sep- 
arators 4 from the polymer electrolyte membrane 1 and 
also to suppress gas leakage in the inside, a sheet made 
of fluoric resin serving as a sealant 6, was sandwiched 
between them. 

[0073] Using the materials as described above, a fuel 
cell (cell stack) as shown in FIG. 2 was configured. FIG. 

2 is a schematic longitudinal cross-sectional view of a 
fuel cell prepared in this example. In the direction to 
which unit cells are stacked in the cell stack, end plates 
11 also serving as cooling plates, were placed on top 
and bottom surfaces of the cell stack, and a pressure of 
10 kgf/cm 2 was applied and maintained in the direction 
of the lamination. A hydrogen gas and air were supplied 
to the anode and to the cathode, respectively, so that 
the utilization rates of the hydrogen gas and air were 
70% and 20%, respectively. Further, in the respective 
gas supply parts, a temperature controlling device and 
a humidifying device were provided, and the tempera- 
tures of the supplied gases were adjusted to be basically 
the same as the cell temperature, and the humidities 
were adjusted so that the supplied gases have dew 
points lower by 15 to 35 C than the cell temperature. 



[0074] FIG. 3 shows the current-voltage characteris- 
tics of the fuel cell obtained in this example. However, 
as a cell for the evaluation of the characteristics, a cell 
stack of 10 unit cells of FIG. 2 were used. In FIG. 3, the 
fuel cell produced as Comparative Example 1 in which 
the non-woven carbon fabric was subjected to the wa- 
ter-repelling treatment using potytetrafluoroethylene 
had a greatly decreased performance when the output 
took place at a high current density. On the contrary 
thereto, it was found that the cell of this example in which 
the diffusion layer was subjected to the water-repelling 
treatment with the silane compound maintained a high 
performance even when the output took place at a high 
current density. 

[0075] Further, the variances with time of the cell volt- 
age of the cell of this example at a current density of 0.4 
A/cm 2 were evaluated. The result is shown in FIG. 4. 
FIG. 4 shows that the cell of Comparative Example 1 
has a decreased output along with the operation time, 
however the cell of this example maintains an excellent 
characteristics for a long time. The reason for this is con- 
sidered that the diffusion layer subjected to the water 
repelling treatment with a silane compound has a very 
good water-repelling property, and the adhesion to the 
diffusion layer is extremely high, and therefore a high 
reliability may be maintained for a long time. 

Example 2 

[0076] In this example, the same cell as the cell of Ex- 
ample 1 was produced except that the water-repelling 
treatment with a 5% by weight solution of CF 3 (CF 2 ) 7 
(CH 2 ) 2 Si(OCH 3 )3/methanol was carried out. 
[0077] The water-repelling treatment was carried out 
in the following manner. The non-woven carbon fabric 
electrodes 5 as shown in FIG. 1 were subjected to the 
plasma treatment at 300 W for about 5 minutes to be 
provided with a hydroxyl group containing activated hy- 
drogen. Next, a 5% by weight solution of CF 3 (CF 2 ) 7 
(CH 2 ) 2 Si(OCH 3 )3/methanol was prepared, and the non- 
woven carbon fabric electrodes 5 were impregnated 
therewith and dried at room temperature for 1 hour. Sub- 
sequently, they were sintered at 100° C for 15 minutes, 
and thereby a water-repelling layer comprising CF 3 
( CF 2)7( CH 2)2 s K OCH 3)3 having a covalent bond with si- 
loxane bond was formed on the non-woven carbon fab- 
ric electrodes 5. 

[0078] The current-voltage characteristics of this ex- 
ample is shown in FIG. 3. As the cell for the evaluation 
of characteristics, a cell stack of 1 0 unit cells was used 
in the same manner as in Example 1 . FIG. 3 shows that 
the cell of this example maintains a high performance 
even when the output took place at a high current den- 
sity. 

Example 3 

[0079] FIG. 5 is a schematic longitudinal cross-sec- 
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tional view showing the configuration of a unit cell of a 
fuel cell prepared In this example. 
[0080] A carbon powder having a particle diameter of 
several microns or less was impregnated with a plati- 
num chloride acid solution so as to make a platinum cat- 
alyst to be carried on the carbon powder surface by re- 
duction treatment. The weight ratio of carbon to platinum 
carried was about 1:1. 

[0081] As a water-repelling agent for the catalyst lay- 
ers 21, fluorinated graphite was used. The fluorinated 
graphite was a compound of fluorine and carbon com- 
bined at a ratio of about 1:1, and it had a contact angle 
with water of about 143°. The fluorinated graphite was 
mixed at 5% by weight with the platin um-carrying carbon 
powder, a solvent mainly composed of ethyl alcohol was 
added thereto, and the resulting mixture was kneaded 
to be prepared as an ink. 

[0082] On the other hand, a carbon paper having a 
thickness of 500 microns serving as an electrode base 
material 22 was impregnated with an organic solvent 
dispersing ultrasonically the same fluorinated graphite 
as above and dried to be provided with water-repelling 
property. The ink containing the platinum-carrying car- 
bon and the fluorinated graphite was uniformly applied 
onto one surface of the electrode base material subject- 
ed to the water-repelling treatment and dried, and there- 
by a catalytic layer 21 was formed. 
[0083] Matrix material 23 made of a porous SiC plate 
was impregnated with about 96% by weight polyphos- 
phoric acid. A pair of electrodes with the above-men- 
tioned catalytic layer formed thereon were made to ad- 
here to the above SiC plate from both surfaces. Further, 
a pair of separator plates 24 comprising ribbed carbon 
plates provided with gas flow grooves for supplying re- 
action gas to the catalytic layer and exhausting gener- 
ated gas were made to sandwich the electrodes, and 
thus a unit cell was configured. 
[0084] Next, a heater for controlling the cell tempera- 
ture to about 200 0 C, an insulating material and a device 
for supplying the reaction gas were connected. Meas- 
urements were carried out while adjusting the pressure 
of the supplied gas to an atmospheric pressure, and the 
performance was compared with that of the convention- 
al cell using PTFE as the water-repelling agent. 
[0085] As shown in FIG. 7, as the intial performance, 
the conventional cell had 600 mV-200 mA/cm 2 , whereas 
the cell of the invention had 650 mV-200 mA/cm 2 , which 
was a great deal of improvement in the performance. 
The reason for this is considered that since the carbon 
fluoride had a contact angle as great as 143° compared 
with PTFE having a contact angle to water of about 1 1 0°, 
the three phase zone serving as the catalytic layer 
where the electrode reaction takes place was not too 
moistened with the phosphoric acid electrolyte solution 
and the generated water, and was maintained in a good 
condition. 



Example 4 

[0086] Water-repelling agents having a large contact 
angle to water and readily adhering and fixing to the sur- 

5 face to be treated were examined in place of the fluori- 
nated graphite. As fluoric organic materials soluble in a 
solvent, polyvinylidene fluoride and a pitch subjected di- 
rectly to fluoridation were selected. 
[0087] As a result of the experiment, the polyvinyli- 

10 dene fluoride had a contact angle of about 1 00°, where- 
as the pitch had a contact angle of 145° at maximum. 
Further, while a solution of polyvinylidene fluoride had 
a high viscosity and was difficult to handle, a solution 
dissolving the pitch into a solvent of perfluorobenzene, 

*s for example, had a relatively low viscosity and was easy 
to handle. This is presumably because the molecule is 
not polymeric and is in the form of a mass. In addition, 
it has high water-repelling property presumably be- 
cause the higher cyclic hydrocarbon has a long fluorine 

20 atom-containing carbon chain which is superior in the 
water-repelling property. 

[0088] Typical pitch used in this example was a white 
powder and was obtained by directly fluorinating an oil 
type pitch. The reaction temperature was set to about 
25 60 to 1 20 0 C and the reaction time was 4 to 1 2 hours. 
[0089] The pitch fluorinated as above was dissolved 
in perfluorobenzene as the solvent, mixed into a plati- 
num catalyst-carrying carbon powder and dried. The 
platinum catalyst-carrying carbon powder was thus pro- 
30 vided with water-repelling property. In the same manner, 
the perfluorobenzene solution of the pitch was impreg- 
nated into the electrode base material and dried to give 
water-repelling property to the electrode base material. 
When the state of adhesion and fixation of the hydro- 
ps carbon, which constitutes the pitch, was observed by the 
microscope, it was confirmed that it was melt and ad- 
hered firmly to the treated surface. Herein, FIG. 6 is a 
schematic view showing the constitution of the catalytic 
layer of the electrode of the fuel cell prepared in Exam- 
40 pie 3. As shown in FIG. 6, carbon powder 25 carrying 
platinum catalyst 26 and fluorinated graphite 27 are melt 
and adhered, uniformly dispersed. 
[0090] Using fluorinated pitch synthesized under dif- 
ferent conditions, phosphoric acid type fuel cells were 
45 configured, each subjected to water-repelling treatment 
at 5% by weight on the catalytic layer and 1 0% by weight 
on the electrode base material (namely, gas diffusion 
layer). In FIG. 8, a cell using, as a typical pitch, those 
using oil type pitch as a raw material and having an av- 
50 erage molecular weight of about 2000, the ratio of fluo- 
rine to carbon (F/C) of about 1 .4, and the ratio of fluorine 
to hydrogen (F/H) of about 12, was shown for the cell 
performance in comparison with the conventional cell 
using PTFE. 

55 [0091] For initial performances, the conventional cell 
had 600 mV-200 mA/cm 2 , whereas the cell of the inven- 
tion had a remarkably improved performance of 670 mV- 
200 mA/cm 2 . Moreover, a decrease in the performance 
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was not observed even after 100 hours of operation. 
[0092] Next, in order to optimize fluorinated pitch, ex- 
periments were carried out using a variety of fluorinated 
pitches having different raw materials, molecular weight 
and component elements, and the following results 
were obtained. 

[0093] Namely, as the raw materials, oil type pitch was 
good in addition to coal type pitch, and as the average 
molecular weight, the cell having 500 to 1 0000 had bet- 
ter performance than the cell using the conventional PT- 
FE. As the F/C ratio, 1.25 to 1 .65 was preferable, and 
as the F/H ratio, 9 or more was preferable. Further, as 
the contact angle, 1 30 or greater exhibited a remarkable 
improvement in the performance. Moreover, the molec- 
ular structure was examined by known analyzing meth- 
ods such as X-ray diffraction and NMR method, those 
which had remarkably improved performance when 
used as the water-repelling agent was found to have a 
plane structure in which the carbon skeleton is essen- 
tially consisting of stacked 6 ring members. 

Example 5 

[0094] As a cell in which water-repel lency control is 
important, in addition to the phosphoric acid type fuel 
cell as described in the previous examples, the solid pol- 
ymer electrolyte fuel cell was also evaluated. The solid 
polymer electrolyte fuel cell contains water in fluorine 
type electrolyte membrane and the amount of the water 
therein greatly influences the performance, and there- 
fore water-repellency control is considered to be more 
important. 

[0095] As a water-repelling agent for the catalytic lay- 
er of the electrode, a platinum-carrying carbon powder 
further coated with the fluorinated pitch was kneaded in 
an alcoholic solution of the electrolyte membrane and 
prepared into a slurry. Then, carbon paper serving as 
an electrode base material was subjected to the water- 
repelling treatment with the same fluorinated pitch. The 
above-mentioned slurry containing the carbon powder 
was uniformly applied on one surface of the carbon pa- 
per to form a catalytic layer. Thus, 2 pieces of electrodes 
comprising a carbon paper with the catalytic layer 
formed thereon were made to sandwich a solid polymer 
electrolyte membrane with respective catalytic layer di- 
rected inward and, then, dried to produce MEA. The 2 
pieces of electrodes comprising a carbon paper were 
made to have a length and a thickness of both 10 cm 
and were placed in the center of the polymer electrolyte 
membrane having a length and a thickness of both 12 
cm. Carbon separator plates having air-tightness were 
made to sandwich this MEA on both sides thereof to 
configure a unit cell. 

[0096] As a result of the cell performance test, The 
conventional cell using PTFE had 600 mV-700 mA/cm 2 , 
whereas the cell of the invention had a remarkably im- 
proved performance of 650 mV-700 mA/cm 2 . 
[0097] In the phosphoric acid type fuel cell as well as 



the solid polymer electrolyte fuel cell used in the exam- 
ples on the foregoing, the water-repelling treatment us- 
ing a new water-repelling agent was done both on the 
catalytic layer and the electrode base material (namely, 
5 gas diffusion layer), however an effect to some extent 
is achieved by treating only one of them. In addition, it 
is considered effective to carry out the water-repelling 
treatment on grooves on the separators serving as the 
gas flow paths and on manifold ports. 

10 

Example 6 

[0098] In Examples 3 to 5, a method in which water- 
repelling agents dispersed in alcohol or dissolved in per- 
15 fluorobenzene are impregnated into the material sub- 
jected to water-repelling treatment and dried. On the 
other hand, considering the function of the three phase 
zone in the catalyst portion on the electrodes, further 
local water-repelling treatment is considered preferable. 
20 [0099] Moreover, hydrocarbon contained in the fluor- 
inated pitch is an organic material but not polymeric, and 
therefore it sublimates. Thus, a cell was produced as an 
experiment by heating and vapor-depositing the pitch 
on various constitutional surfaces of a polymer electro- 
ns |yte fuel cell. The portions which were subjected to the 
water-repelling treatment by vapor deposition of the 
pitch were the surface of the gas flow path side of the 
electrodes, the surface of the catalytic layer side of the 
electrode base materials (i.e. the surface between the 
30 catalytic layer and the gas diffusion layer), and the sur- 
face in which the catalytic layer after the application and 
drying comes into contact with the polymer electrolyte 
membrane. As a result of the cell test, the one subjected 
to the water-repelling treatment on the catalytic layer 
35 side surface of the electrode base material had the best 
effect. 

Industrial Applicability 

40 [0100] According to the present invention, at least one 
portion of the catalytic layer, the gas diffusion layer and 
the flow path constituting a fuel cell is provided with ex- 
cellent water-repelling properties, which enables to pro- 
vide a fuel cell exhibiting a superior cell performance. 

45 

Claims 

1. A fuel cell comprising stacked unit cells, each of the 
so unit cells including a pair of electrodes having a cat- 
alytic reaction layer and a gas diffusion layer, an 
electrolyte layer disposed between said pair of elec- 
trodes, a separator having a flow path for supplying 
a fuel gas to one of the electrodes and a separator 
55 having a flow path for supplying an oxidant gas to 
the other electrode, said separators being placed 
on the outer side of said electrodes and said unit 
cells being stacked with said separators placed 
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therebetween, 

wherein at least said catalytic reaction layer, 
said gas diffusion layer or said flow path surface has 
water-repelling property. 

2. The fuel cell in accordance with claim 1, wherein 
said catalytic reaction layer, said gas diffusion layer 
or said flow path surface has water-repelling prop- 
erty by the application of a water-repelling agent 
containing a silane compound having a hydropho- 
bic group and a functional group or a water-repelling 
agent containing a non-polymeric compound con- 
taining a fluorine atom and a carbon atom. 

3. The fuel cell in accordance with claim 2, wherein 
said silane compound has a hydrophobic group and 
a functional group. 

4. The fuel cell in accordance with claim 3, wherein at 
least either one of the principal chain and the side 
chain of said hydrophobic group has at least either 
one of a hydrocarbon chain and a fluorocarbon 
chain. 

5. The fuel cell in accordance with claim 2, wherein 
said silane compound is a compound represented 
by the formula: 

CF 3 -(CF 2 ) 7 -(CH 2 ) 2 -Si(OCH 3 ) 3 . 

6. The fuel cell in accordance with claim 2, wherein 
said water-repelling agent containing a non-poly- 
meric compound containing a fluorine atom and a 
carbon atom comprises a fluorinated pitch and a 
solvent. 

7. The fuel cell in accordance with claim 6, wherein 
said fluorinated pitch has an average molecular 
weight of 500 to 10000. 

8. The fuel cell in accordance with claim 6, wherein 
the ratio of fluorine atom to carbon atom (F/C) con- 
tained in said fluorinated pitch is from 1 .25 to 1 .65. 

9. The fuel cell in accordance with claim 6, wherein 
the ratio of fluorine atom to hydrogen atom (F/H) 
contained in said fluorinated pitch is 9 or over. 

10. The fuel cell in accordance with claim 6, wherein 
the contact angle of said fluorinated pitch to water 
is 130° or greater. 

11. The fuel cell in accordance with Claim 6; wherein 
said fluorinated pitch is one synthesized by direct 
fluorination of a coal type pitch or an oil type pitch. 

12. The fuel cell in accordance with claim 1, wherein 



said electrolyte layer comprises a solid polymer 
membrane. 

13. A method for producing a fuel cell comprising 
5 stacked unit cells, each of the unit cells including a 

pair of electrodes having a catalytic reaction layer 
and a gas diffusion layer, an electrolyte layer dis- 
posed between said pair of electrodes, a separator 
having a flow path for supplying a fuel gas to one 
10 electrode and a separator having a flow path for 
supplying an oxidant gas to the other electrode, said 
separators being placed on the outer side of the 
electrodes and said unit cells being stacked with the 
separators placed therebetween, 
'5 said method comprising the steps of: (a) ap- 

plying a water-repelling agent containing a silane 
compound and a solvent or a water-repelling agent 
containing a fluorinated pitch and a solvent to at 
least a material, which constitutes said catalytic re- 
20 action layer, said gas diffusion layer or said flow 
path surface; and (b) adhering and fixing said silane 
compound or said fluorinated pitch by drying for re- 
moving said solvent. 

14. A method for producing a fuel cell comprising 
stacked unit cells, each of the unit cells including a 
pair of electrodes having a catalytic reaction layer 
and a gas diffusion layer, an electrolyte layer dis- 
posed between said pair of electrodes, a separator 
having a flow path for supplying a fuel gas to one 
electrode and a separator having a flow path for 
supplying an oxidant gas to the other electrode, said 
separators being placed on the outer side of said 
electrodes and said unit cells being stacked with 
said separators placed therebetween, 

said method comprising a step of vapor-de- 
positing a fluorinated pitch onto at least a material, 
which constitutes said catalytic reaction layer, said 
gas diffusion layer or said flow path surface. 

15. The method for producing a fuel cell in accordance 
with claim 1 4, comprising a step of vapor-depositing 
a fluorinated pitch onto the interface between said 
catalytic reaction layer and said gas diffusion layer. 
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